The association of foreign antigen with Ia molecules on the surface ofantigen-presenting cells is necessary for the interaction with the clonally distributed antigen receptor on T cells and is therefore critical in the initiation and polypeptide expression on the cell surface (50% of wild-type levels), an increased half-life of Ak polypeptide in the cell, and a specific limited defect in antigen presentation.
The class II (Ia) molecules encoded by the major histocompatibility complex are transmembrane glycoproteins expressed predominantly on the surface of B lymphocytes and macrophages (antigen-presenting cells, APCs) (1) . In the mouse, two isotypic forms of Ia exist: I-A and I-E, each a heterodimer composed of noncovalently associated a (A. or E,) and 8 (A.3 or En,) chains. Each chain is composed of two external domains, a hydrophobic transmembrane region, and a short intracytoplasmic tail. A remarkable property of Ia molecules is the extensive intraspecies polymorphism present in the membrane-distal (NH2-terminal) external domain. This allelic variation is the basis for Ia-restricted antigen recognition by T cells (2, 3) .
The mutant cell line 2B1 was derived from Ia' (H-2d/k) antigen-presenting B-B hybridoma TA3 after negative immunoselection (4) . Although selected with anti-E' monoclonal antibodies (mAbs), the 2B1 mutant was coincidentally found to have reduced binding, about 50% of wild-type, to every Ak-specific mAb examined (4) . In spite of this reduction in surface expression of the Ak polypeptide, the A' polypeptide continued to be expressed at wild-type levels on the cell surface, presumably as part of a hybrid Add heterodimer as well as a homozygous A -A' heterodimer (4). Two-dimensional nonequilibrium pH gradient-NaDodSO4/ PAGE showed that the Ak polypeptide from the 2B1 mutant migrated more acidically than the wild-type polypeptide (4) , and one-dimensional NaDodSO4/PAGE showed that it had a decreased apparent molecular weight (unpublished data).
In this report, we demonstrate that a mutation deleting the cytoplasmic tail of the A' polypeptide accounts for the more acidic migration and decreased apparent molecular weight and results in a decreased level of I-Ak expression in the membrane. This decrease in expression is associated with a specific, limited loss of APC function by this B-hybridoma cell line. Possible explanations for the reduction in surface expression of the A' polypeptide are addressed.
MATERIALS AND METHODS Cell Lines and T-Cell Assays. To produce the 2B1 cell line, the antigen-presenting Ia' B-B hybridoma TA3 was mutagenized by treatment with ethyl methanesulfonic acid (5, 6). The mutagenized cells were then subjected to several rounds of negative immunoselection by complement-mediated lysis using an anti-E' mAb and then to positive immunoselection by electronic cell sorting using a second anti-E' mAb (4). The wild-type TA3 was derived from a fusion between the M12.4.1 (H-2d) lymphoma and spleen cells from an H-2d/k mouse and therefore has only one copy of the H-2k genes (7, 8) . The panel of T-cell hybridomas used in these studies was produced and examined for antigen specificity and Ia restriction as described (8) (9) (10) ). T cells were tested for activation in a standard interleukin 2 release assay involving secondary culture of supernatant with HT-2 cells (8) . Dose-response experiments with APCs were performed to ensure maximal stimulation and interleukin 2 release. The antigens hen egg-white lysozyme (Sigma), ovalbumin (Sigma), and keyhole limpet hemocyanin (Calbiochem-Behring) were used in culture as described (8 ITo whom reprint requests should be addressed.
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insert was then subcloned into the appropriate M13 vectors (Amersham) for sequencing by the dideoxy chain-termination method (13 [35S]methionine, essentially as described (14) . After 4 hr of incubation, cells were washed twice with RPMI-1640 containing 10% (vol/vol) fetal bovine serum (complete medium) and then incubated at 370C in complete medium. At each time point examined, 2 x 107 cells were harvested by centrifugation, and the cell pellets were lysed for 30 min on ice in 0.75 ml of phosphate-buffered saline containing 0.5% Trasylol and 1% Triton X-100. After centrifugation, lysates were precleared of IgG by incubation with Staphylococcus aureus Cowan strain 1 cells coupled to Sepharose and then were incubated overnight at 40C with anti-A, mAb 39J (15) coupled to Sepharose. Radioactively labeled I-Ak molecules were eluted from exhaustively washed Sepharose conjugate and analyzed by NaDodSO4/PAGE. Gels were fixed and dried, and autoradiographs were made. Gels from 2B1 lysates were exposed for 48 hr; those from TA3 lysates were exposed for 24 hr. Exposed films were scanned with an Ephortec JoyceLoebl densitometer to determine the relative area (amount of radioactivity) of A' polypeptide in each lane.
Fluorescence Photobleaching Recovery. The lateral mobility of I-Ak in the membrane was measured by fluorescence photobleaching recovery (FPR; ref 16). Our experimental apparatus and analytical methods have been described in detail (5, 17) . In brief, 0.5-1 x 10W cells were incubated in the dark for 30 min at 40C with 3-5 ,ul of anti-I-Ak mAb 39J (15) that had been conjugated to fluorescein isothiocyanate according to protocol provided by A. H. Stolpen (personal communication). Labeled cells were washed and FPR measurements and data analysis were performed as described (5, 17) . Fluorescence of the medium was 1-10% of membrane fluorescence, and this background was subtracted from the measured fluorescence. Punctate cell-associated fluorescence was not observed. Experiments were repeated on three separate days with no significant differences in results. Table 1 ). The 2B1 cells also stimulated two alloreactive T-cell hybridomas. In contrast, the 2B1 cells failed to stimulate two out of eight I-Ak-restricted autoreactive T-cell clones that were stimulated by the parent line TA3 (ref. 4 ; Table 1 ). Turnover Rate for I-Ak in the Mutant 2B1 and Wild-Type TA3 Cells. Biosynthetically labeled I-Ak was precipitated from the 2B1 mutant and TA3 wild-type parent to determine whether deletion of the cytoplasmic domain affects the turnover rate of the A' polypeptide. The A' and Ak polypeptides are resolved by one-dimensional NaDodSO4/PAGE into two components: a band at higher molecular weight that represents fully glycosylated protein and a band at lower molecular weight that represents the core glycosylated protein (Fig. 2a) . The polypeptides shift from the core glycosylated (high-mannose) form to the fully glycosylated form as they are transported from the endoplasmic reticulum through the Golgi complex. The increased time required for processing from the core to the fully glycosylated forms of Ak and Ak indicates that the 2B1 mutant has a reduced rate of intracer- + + T cells were tested for activation in a standard interleukin 2-release assay involving secondary culture of supernatant with HT-2 cells (18) . +, Responses comparable to those found by using wild-type (TA3) APCs; -, lack of response (background level). Lateral Diffusion of I-Ak in the Membrane of the 2B1 and TA3 Cells. The lateral mobility of the I-Ak molecule in the membrane of the 2B1 cell was measured to determine whether an altered mobility could contribute to the defect in antigen presentation detected in this variant. The lateral diffusion was assayed by FPR. As shown in Table 2 , the lateral diffusion coefficient and fractional mobility ofthe I-Ak molecule in the 2B1 mutant are indistinguishable from those of the I-Ak molecule in the wild-type TA3 parent. DISCUSSION Ia-restricted recognition has been attributed to the polymorphic NH2-terminal domain of the Ia molecule (2, 3). The inability of the 2B1 mutant to stimulate two autoreactive clones (B8 and E9, Table 1 ) is a clear demonstration that a mutation in the cytoplasmic domain of the molecule can also affect antigen presentation. Braciale et al. (19) reported that the transmembrane sequence of the influenza hemagglutinin molecule is recognized by class I-restricted cytolytic T lymphocytes. This shows that a membrane protein can be processed in such a manner that regions normally embedded in the membrane can be exposed to the extracellular environment in association with major histocompatibility com- (4) . It has been shown (25) The lateral mobility of major histocompatibility complex proteins can affect T-cell recognition of antigen (27) . If loss of the cytoplasmic tail from AC affected I-Ak mobility in the membrane, then a limited loss of APC function in the 2B1 mutant might result. We therefore examined the lateral mobility of I-Ak in 2B1 and TA3 cell membranes by using FPR. We found that the mutant I-Ak molecule had a lateral diffusion coefficient and fractional mobility indistinguishable from those of the I-Ak molecule in the wild-type TA3 parent ( Table 2 ). The absence of the Ak cytoplasmic domain therefore does not alter the lateral mobility of this molecule.
